T otal knee arthroplasty (TKA) and total hip arthroplasty (THA) are 2 of the most commonly performed surgical procedures in the United States. It is estimated that by the year 2030 the number of primary TKA and THA performed annually will reach 4 million. 1 This number reflects an increase of 673% for TKA and 176% for THA. Not unexpectedly, the number of revision procedures is estimated to increase by a similar percentage. 2 Surgicalsite infection (SSI) is one of the most challenging and costly complications associated with total joint arthroplasty. The relative incidence of periprosthetic joint infection (PJI) ranges from 2.0% to 2.4% for TKA and THA, with a corresponding cost to US hospitals of >$566 million dollars. 3, 4 As the number of total joint arthroplasties increases, the cost of SSI and PJI is projected to exceed $1.62 billion by 2020.
associated with a greater risk of SSI within the first 30 days compared with the same procedure performed under neuraxial (spinal or epidural) anesthesia. 6 Since this first publication by Chang et al., 6 other investigators have published similar studies yielding conflicting results. [7] [8] [9] The primary aim of this case-controlled study was to compare the risk of SSI for patients undergoing primary TKA or THA and revision TKA or THA under general anesthesia versus neuraxial anesthesia. Our secondary aim was to determine which patient, anesthetic, and surgical variables influence the risk of SSI. We hypothesized that patients who undergo neuraxial anesthesia may have a lesser risk of SSI compared with those who had a general anesthetic. In addition, we hypothesized that the postoperative analgesia achieved with peripheral nerve blocks may have a beneficial effect on the incidence of SSI that may be protective even in patients undergoing general anesthesia.
METHODS
This retrospective study was conducted at the Mayo Clinic in Rochester, Minnesota, a tertiary care academic medical center in the United States. The study was approved by the Mayo Clinic IRB. Patients who denied research authorization were excluded according to Minnesota State government statute. We conducted a single-center, retrospective, case-control study of patients undergoing primary or revision TKA or THA at the Mayo Clinic between January 1, 1998, and December 31, 2008, and who were subsequently diagnosed with SSI within a year postoperatively. All patients at least 18 years of age who underwent a primary or revision TKA or THA at Mayo Clinic from January 1, 1998, to December 31, 2008 , were identified retrospectively via the Mayo Clinic Total Joint Registry, the master diagnostic index, and the clinical microbiology laboratory. The Mayo Clinic Total Joint Registry is a previously validated 10 and comprehensive repository of data collected for each joint replacement surgery performed at Mayo Clinic since 1969. Data included within the registry have been defined prospectively and are collected by manual chart review, written patient questionnaire, and follow-up telephone surveys conducted by full-time research assistants unaware of the study hypotheses. Follow-up is performed twice in the first postsurgical year and then once every 5 years thereafter. When follow-up examination at the Mayo Clinic was not possible, the patient completed a standardized data collection form, and roentgenograms of the joint prosthesis were sent to the Mayo Clinic for review. By using this system, >90% of this cohort has been followed.
The primary outcome variable was the diagnosis of SSI occurring early (within 30 days of surgery) or late (>30 days and ≤1 year) after arthroplasty. These times were defined by the Centers for Disease Control definition of SSI, superficial SSI as those reported within 30 days of procedure, as well as deep and organ space infections being those reported within 30 days of procedure and at 1 year if implant was in place. 11 Potential SSI cases were identified using the Mayo Clinic Total Joint Registry and the infection control SSI institutional database. Members of the Anesthesia Clinical Research Unit subsequently verified all identified cases using manual chart review. Using a 1:2 matched case/control design, each case was matched with 2 controls based on type of procedure (primary, revision, bilateral), joint site (TKA, THA), sex (male, female), surgical duration (<3 hours, ≥3 hours), and ASA physical status (I and II versus III, IV, and V). In addition to control for the change in practice that likely occurred during the 11-year study period, the surgical dates of the cases and controls were matched within 1 year.
Patient demographics, including age, sex, ethnicity, and ASA physical status, were recorded. Patient comorbidities, including body mass index (BMI), underlying joint disease, diabetes mellitus, rheumatoid arthritis, malignancy, liver cirrhosis, chronic renal disease, steroid use, and current tobacco use, were identified from the patient's medical record. Details of the anesthetic management also were recorded, including type of anesthesia (general, epidural, spinal); postoperative pain management (single injection versus continuous peripheral nerve block, epidural analgesia, and patient-controlled opioid analgesia); temperature at the beginning, middle, and end of the surgical procedure; and antibiotic administration. Details of the surgical procedure also were documented, including type of surgery (primary or revision TKA or THA), surgeon, urgency (elective versus emergency), unilateral or bilateral arthroplasty, total tourniquet time, and duration of surgery. The National Nosocomial Infection Surveillance system surgical patient risk scores were calculated from 0 to 3 points, with 1 point each for ASA physical status score >3; operating room time >3 hours; and wound class ≥3. 5 Details of the postoperative period also were documented, including the use of anticoagulant medications; presence of a superficial, deep, or organ space SSI (Centers for Disease Control definition; Table 1 ); and the microbiology.
Statistical Analysis
In a review of a large health insurance database, Chang et al. 6 reported that the use of general anesthesia more than doubled the odds (OR = 2.21) for SSI after TKA and THA compared with epidural or spinal anesthesia. The decision to select 2 controls for each case for the present investigation was made on the assumption that approximately 200 cases would be identified and that general anesthesia is used for approximately 60% of the given patient population at our institution. Under these assumptions, we determined that a case-control study with 200 cases and 400 controls would provide statistical power (2-tailed, α = 0.05) of approximately 80% to detect an OR of 1.6 when assessing whether general anesthesia is associated with an increased risk of SSI compared with neuraxial techniques.
Data were analyzed using conditional logistic regression making use of the 1:2 matched set study design. In addition to assessing the primary risk factor of interest (neuraxial versus general anesthesia), a number of secondary risk factors were assessed. These secondary risk factors included patient age, BMI, smoking status, blood transfusions, peripheral nerve blockade, and preoperative antibiotic use. Both univariate and multivariate analyses were performed. Because cases and controls were matched on ASA physical status, specific patient comorbidities were not assessed as risk factors but were included as additional covariates in the multivariable model. In addition to the overall analysis, supplemental analyses were performed separately for superficial and deep/organ space infections and for early (≤30 days) and late (31-365 days) infections. In all cases, findings are summarized using ORs and corresponding 95% confidence intervals (CIs). Two-tailed P values <0.05 were considered statistically significant.
RESULTS
Between January 1, 1998, and December 31, 2008, 202 SSIs (74 superficial, 16 deep, and 112 organ space) were identified in 202 patients undergoing primary or revision TKA and THA at Mayo Clinic. Demographics are listed in Table 2 . Of the infections identified, 115 (57%) occurred within the first 30 days (early) and 87 (43%) occurred between 31 and 365 days postoperatively (late). The variables analyzed as potential risk factors for SSI are listed in Table 3 along with the results of the overall conditional logistic regression analyses. From both univariate and multivariable analyses, no significant association was found between the use of central neuraxial anesthesia and SSI (univariate OR = 0.92, 95% CI 0.63-1.34, P = 0.651; multivariable OR = 1.10, 95% CI 0.72-1.69, P = 0.664). The use of peripheral nerve block also was not found to influence the risk of SSI (univariate OR = 1.41, 95% CI 0.84-2.37, P = 0.193; multivariable OR = 1.35, 95% CI 0.75-2.44, P = 0.312). The factors that were found to be associated with SSI in multivariable analysis included current smoking (OR = 5.10, 95% CI 2.30-11.33) and greater BMI (OR = 2.68, 95% CI 1.42-5.06 for BMI ≥ 35 kg/m 2 compared with those with BMI < 25 kg/m 2 ). Similar findings were observed when the analyses were performed separately for superficial and deep/organ space infections (Table 4 ) and also when analyses were performed separately for early and late infections ( Table 5 ).
DISCUSSION
Despite advances in infection control practices, including sterilization methods, barriers, surgical technique, operating room ventilation, and antibiotic prophylaxis, SSI continues to result in major postoperative morbidity and mortality. The National Healthcare Safety Network data for 2006-2008 reported an overall rate of SSI to be 1.9%, 12 which makes SSI the most common cause of hospital-acquired infections, accounting for 31% of all hospital-acquired infections in hospitalized patients. 13 The prevention of SSI is a multidisciplinary effort, and many of the prevention strategies are initiated in the operating room. The anesthesiologist is involved directly with the timing of antibiotic administration, perioperative hyperoxia, normothermia, glucose management, blood transfusion, and the use of regional anesthesia (neuraxial blocks ± peripheral nerve blocks) versus general anesthesia. Recent studies designed to determine the relationship between the type of anesthesia (general versus neuraxial) and the rates of SSI have yielded conflicting results. A review of 3081 patients sampled from the Longitudinal Heath Insurance Database of Taiwan published by Chang et al. 6 was the first to report a greater risk of SSI in patients undergoing a TKA or THA under general anesthesia when compared with epidural or spinal anesthesia. A subsequent review of The American College of Surgeons, National Surgical Quality Improvement Program, involving 14,502 cases published by Pugely et al. 14 demonstrated that patients who underwent primary TKA and were managed with general anesthesia had more superficial wound infections and a statistically significant increase in overall complications compared with those undergoing spinal anesthesia. Two additional studies using large administrative databases (National Surgical Quality Improvement Program; Premier Perspectives Database) were unable to confirm the findings specific to SSI risk published by Chang et al., although they did conclude that the use of neuraxial anesthesia compared with general anesthesia may be associated with a decreased incidence of overall systemic infection (SSI, sepsis, urinary tract infection, pneumonia, etc.) in patients undergoing total joint arthroplasty. [6] [7] [8] 14 Two other large retrospective studies, one using a large joint registry and the other using the Premier Database, were unable to document a statistically significant difference in the risk of SSI based on the choice of primary anesthesia. 15, 16 Similarly, this case-controlled study was unable to support the hypothesis that the type of primary anesthetic could influence the incidence of SSI in patients undergoing total joint arthroplasty. Studies using large administrative databases have several limitations inherent to their use of secondary data. First, detailed information regarding perioperative management (e.g., blood loss, hypothermia, antibiotic administration) that is known to influence the rate of SSI is not included within the databases. Second, the definition of comorbidities (i.e., diabetes mellitus, obesity, and smoking), surgical pathology, and complications are based on the International Classification of Diseases and Injuries, version 9 coding system, which may lead to coding bias, despite the quality checks performed by the database management. Third, most databases only capture SSIs if they occur during the index admission 8 or within 30 days postoperatively (6, 7, and 15) . The current case-controlled study design is well suited to investigate rare outcomes or outcomes with a long latency period, such as SSI because subjects are selected from the beginning based on their long-term outcome status. Thus, compared with large database cohort studies, case-control studies require fewer subjects and allow for multiple exposures or risk factors to be assessed for one outcome.
The mechanism by which neuraxial anesthesia may decrease the risk of SSI remains speculative, although 3 mechanisms have been proposed: (1) the autonomic response incited from severe postoperative pain causes vasoconstriction and subsequently decreases peripheral perfusion. Severe surgical pain has been shown to decrease tissue oxygenation by approximately 15 mm Hg. 17, 18 Therefore, providing excellent postoperative analgesia with neuraxial or peripheral nerve blocks may reduce the risk of SSI. (2) Neuraxial anesthesia may increase tissue oxygenation via the resultant vasodilatation. Several studies comparing epidural and general anesthesia have documented a small increase (10 mm Hg) in tissue oxygenation [19] [20] [21] and one reported no effect. 22 These studies investigated the degree of vasodilatation with epidural anesthesia compared with general anesthesia. It is theoretically possible that the degree of vasodilatation may be greater in patients undergoing spinal anesthesia. (3) Finally, neuraxial anesthesia has been shown to reduce the inflammatory response to surgery by decreasing the generalized pain response. By reducing these nonspecific responses, the immune system is better able to focus on the task of fighting bacteria. In addition, volatile anesthetics and opioids have been shown to impair neutrophil, macrophage, dendritic cell, T-cell, and natural killer cell functions, which may decrease the host's defense mechanism. One could speculate that through similar mechanisms, and an overall reduction in the inflammatory response because of better analgesia, peripheral nerve blocks could be protective as well. To our knowledge, this is the first study that specifically evaluated the impact of peripheral nerve blocks on SSI.
Previously identified risk factors for SSI include male gender, minority race, diabetes mellitus, malignancy, rheumatoid arthritis, steroid use, current smoking, and younger age. 5, [23] [24] [25] The prevalence of obesity is reaching epidemic proportions in the United States, with more than one-third of adults having a BMI >30. At least half of the patients who undergo TKA 26, 27 It has become exceedingly clear that the risk of SSI increases as a patient's BMI increases. [28] [29] [30] We similarly concluded that as BMI increased, so did the risk of developing an SSI. Patients with a BMI of ≥35 had a 2.68 times greater risk (OR, 2.68; 95% CI, 1.42-5.06) of developing an infection compared with patients with a BMI <25. Obesity is a proinflammatory state that is associated with a low-grade inflammatory response. 31 A recent review identified enhanced cytokine activity in obese patients who underwent THA and concluded that obesity may affect the postoperative immune response and increase the risk of SSI. 32 In addition, obese patients have more comorbidities, and it is likely that these comorbidities ultimately increase the risk of complications, including SSI. In this study, active smokers undergoing THA or TKA were 5 times more likely to develop an SSI than nonsmokers. A recent meta-analysis of 107 studies by Grønkjaer et al., 33 including 11 with orthopedic surgeries, revealed that smokers were more likely to develop wound healing complications than nonsmokers (Relative Risk [RR] = 2.15; 95% CI, 1.87-2.49). It is postulated that smoking may impair wound healing by decreasing tissue oxygenation, reduction in inflammatory cell chemotactic responsiveness, and oxidative bactericidal mechanisms, as well as downregulating collagen synthesis and deposition. Although our study did not assess the impact of smoking cessation on the risk of SSI, it is well established that smoking cessation restores tissue oxygenation and inflammatory cell response within 4 weeks. 34 This study was retrospective and therefore subject to inherent limitations. In any study involving perioperative mortality, it is important to consider the source and integrity of the database to minimize bias. The Mayo Clinic Total Joint Registry has been validated previously, so it is likely that all cases of infection were identified. Mayo Clinic is a tertiary referral center and despite the advantage of consistent data collection, the results may not be applicable to the general population. Likewise, the statistical power for assessing the association of a specific patient/procedural factor with SSI is dependent on the prevalence of the risk factor among patients who experienced the SSI. As a result, nonstatistically significant findings should be interpreted with caution when the number of patients with/without the risk factor is small.
Despite the many other potential benefits of regional anesthesia (peripheral blocks and neuraxial blocks), this retrospective, case-controlled study found no difference in the incidence of SSI in patients who undergo total joint arthroplasty under general versus neuraxial anesthesia. We also reported that the use of peripheral nerve blocks for postoperative analgesia does not influence the incidence of SSI. Increased BMI and current smoking were found to significantly increase the risk of SSI. Further research and ideally prospective studies are needed to help answer this very important question. E DISCLOSURES
